Study objective-The aim was to investigate the effect of low or moderate alcohol consumption upon fetal outcome.
prospective randomised cohort study with mother and infant follow-up sample stratified on level of maternal alcohol intake.
Setting-A large maternity hospital in Western Australia.
Participants The questionnaire consisted of items assessing demographic characteristics, prepregnancy height and weight, past obstetric history and information on "life style" factors which included details of diet, smoking, drugs and medicines. Alcohol intake information was obtained to enable quantification of alcohol measures. The average amount of beer, wine and spirits consumed by each woman in the study was calculated. These volumes, when added together, resulted in the absolute alcohol score,32 and could also be used to derive Calahan's quantitative frequency-volume (QFV) and volume variability (VV) scores. 33 As a guide, two drinks ofspirits, two glasses ofwine, or two cans of average strength beer contain about 28 ml (1 oz) of absolute alcohol.
Questions on smoking required the women to report how many cigarettes per day and which brand they usually smoked. Daily intake of nicotine (mg) was then calculated.
SELECTION OF OBSTETRIC AND INFANT FOLLOW UP GROUPS
On the basis of stratifying by alcohol intake prior to pregnancy, 665 pregnant women were selected from the cohort of 2002 to represent a wide spectrum of drinkers. Of the 665 pregnant women, 60 were lost to follow up because of miscarriage (n=42), stillbirth (n= 12), or neonatal death (n=6). We have already shown that there were no significant differences in mean cigarette and mean absolute alcohol consumption in women who had spontaneous abortion and stillbirths versus those with livebirths. 30 Extensive maternal obstetric and medical details were obtained. 30 (IW) physical examination and neurobehavioural assessment were performed between 24 and 72 h after birth unless the infant was preterm, in which case evaluation took place at the appropriate postconceptional age.
DATA PREPARATION AND ANALYSES
The major dependent variables of interest in this study included: birthweight, head circumference, birth length, Apgar scores at one and five minutes, and respiratory distress syndrome. The major control variables include: gestational age, parity, prepregnancy maternal weight, height, age and education, and nicotine consumption. The independent variable was recalled total daily absolute alcohol intake before pregnancy. The table shows the distribution of these variables.
In our study design and analyses, we attempted to anticipate potential problems in constructing statistical models due to measurement and specification error, multicollinearity and heteroscedasticity.34 35 The statistical treatment of choice was ordinary least squares multiple regression.34 35 The distributions of the independent variable (daily absolute alcohol consumption) and each dependent and control variable were examined for normality primarily to locate extreme cases and outliers. The distribution of absolute alcohol and nicotine was positively skewed owing to the number of women who abstained from drinking (n = 145) and smoking (n = 422). However, given the sample size and the relative robustness of multiple regression to violations of normality, we undertook no transformation of the data distributions.35 36 All models reported were further examined for possible multicollinearity by examining the tolerance of the independent variables entered in the model. The presence ofheteroscedasticity was examined through analysis of residuals. We were satisfied that our data met the assumptions for analysis by multiple regression.
Each multiple regression proceeded in two steps. In step one the variance in the dependent variable of interest explained by the control variables was removed, and in step two absolute alcohol was entered. consumed two to three drinks per day, 4% had three to four drinks, and 4% had over four drinks per day.
Birthweight
There was a significant association between birthweight and both maternal weight and nicotine consumption (F7356 = 22-8; p < 0-0001; R2= 0-22), and when the effects of these variables were removed, there was no significant association between birthweight and absolute alcohol consumption (Fchange= 1-9; p > 0 05; R2= 0 23).
Birth length
There was a significant association between birth length and gestation, matemal weight, and nicotine consumption (F7536 =13-9; p < 0-0001; R2=0-15 In excessive maternal alcohol intake it has long been observed that pre-and postnatal growth failure of weight, length, and head size are frequently seen, with an array of birth defects including a characteristic facies and psychomotor delay.2 37 38 Reduction of in utero fetal growth is greater if heavy drinking is continued throughout pregnancy.3941 Chronically alcohol dependent women who are more likely to have clinically evident alcohol affected newborns also have a high morbidity and mortality associated with an advanced stage of alcohol related disease. [42] [43] [44] This present study, along with most other reports, fails to show any significant relationships between light and moderate maternal alcohol intake and fetal growth effect. These observations strongly support the views of Fabro who proposed that the adverse effects of alcohol in human fetal development follow a dose-response standard for teratogens. 45 Of the cohort reported here, 49% were abstainers or light drinkers, 38% were moderate drinkers, and 13% consumed more than 28 ml (1 oz) of absolute alcohol daily. This is similar to other Australian studies of obstetric populations.46 47 It is within the latter group of mothers who drink excessively that real fetal risks exist.
BIRTHWEIGHT AND LENGTH
This and a number of other studies of moderate drinking mothers have not shown alcohol to have a significant impact on fetal growth. These studies have several different methodologies, particularly in relation to alcohol quantitation, timing of interview, and the way in which potential confounding factors are treated.'2 [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] [56] In this study cofactors such as smoking and maternal weight prior to pregnancy were significantly related to fetal growth, whereas low to moderate maternal alcohol consumption was not. Smoking has been found to be a significant contributor to reduced fetal growth, although there is debate as to whether its effect is additive or potentiates the effects of higher alcohol consumption. 47 49 51 Few studies have shown that light to moderate alcohol intake produces significant intrauterine growth retardation. A widely quoted study by Little6 which concluded that an average maternal consumption of one ounce (28 ml 46 57 Ofthese factors, smoking is undoubtedly the most powerful and consistent predictor of low birthweight, and often the most difficult to control statistically because it is strongly related to alcohol consumption. We believe that the data presented in this study have addressed most of the above problems, particularly by being prospective, population based, and by considering the major possible outcome variables in detail.
With no specific biological alcohol marker, the problems of alcohol quantitation, pattern of drinking, and differences in beverages, which are all dependent upon self reporting, are well recognised.30 Heavy drinkers tend to underreport so that if fetal outcome of maternal alcohol drinking is observed against a sliding scale of rate of drinking this should mean merely a shift to left and not a loss of effect, if there is one to be observed. In this study alcohol quantitation was reliable, as it was assessed by retesting a cohort subgroup and by evaluating alcohol intake at a time when recall should have been more accurate and uninfluenced by a knowledge of outcome.
This study, like most similar studies, fails to show any significant relationship between low to moderate maternal alcohol intake and fetal outcome. Whether total abstinence is the best advice to pregnant mothers is therefore questionable. Where this knowledge or advice has been widely and successfully imparted to the community, those mothers in the heavier drinking groups continue to drink,3 9 while unnecessary guilt and anguish is engendered in light and occasional drinking women. 12 26 29 40 41 51 To recommend responsible drinking habits is not to advocate drinking in pregnancy. It is better to promote the idea that women should avoid binge and heavy drinking if they are planning for pregnancy. There should be greater emphasis on detecting the heavier drinking obstetric patient. Evidence indicates that appropriate early intervention can be effective in improving the prognosis for fetus and mother. 40 51 
